The skin of persons with atopic dermatitis (AD) is very susceptible to cutaneous infection, and some yeast species may also aggravate AD. The total yeast population of an AD patient's skin and its relation with individual age and body part remains poorly characterized. The aim of this study was to clarify the differences in cutaneous yeast flora by age and body parts of AD patients. By swabbing affected body parts (hands, legs, face, neck or trunk), 241 samples were collected from patients with AD (132 children and 109 adults), and as controls, 40 samples were taken from healthy individuals (20 children, 20 adults). In all, 89 (36.9%) of samples were positive; the yeast isolated belonged to three genera: Candida (27.4%), Malassezia (6.6%), and Rhodotorula (2.9%). Cutaneous colonization with yeasts was two-fold higher in the adults than in children (P<0.0001). The distribution of the yeast species was dependent on the body part sampled: Malassezia predominated in the face, neck, and trunk regions (P=0.0047); Candida more frequently colonized hands and legs (P=0.0029). Our study showed that cutaneous yeast flora and distribution of yeast species depends significantly on the age of the AD patient and the body part affected by atopic dermatitis.
Introduction
Atopic dermatitis (AD) is a multifactorial disease in which both hereditary and environmental factors play a role [1] . Based on the results of previous studies, the worldwide prevalence of AD is 10%-20% in children and 1%-3% in adults [2] [3] [4] [5] [6] . In recent years, the incidence of AD has been increasing, especially in industrial countries. One possible explanation for this phenomenon could be the so-called "hygiene hypothesis", which states that decreasing exposure to microbial antigens during early childhood is associated with increasing severity
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Yeast microflora in atopic dermatitis and prevalence of atopic diseases [7] . AD skin is very susceptible to cutaneous bacterial, fungal, and viral infections [8] . A major difference from other allergenic agents is that in AD, microorganisms may colonize the human body and aggravate AD as a result of another allergic reaction. AD impairs the skin barrier function, and microorganisms or antigens from organisms present on the skin can penetrate more easily, interact with the immune system, and elicit a response [9] . The yeast Malassezia is considered to be an important factor in the course of AD clinical history. Sensitization to the yeast can be detected in approximately 50% of adult patients [10] [11] [12] [13] . However, if majority of healthy individuals have IgG antibodies to Malassezia, 30%-80% of AD patients show IgE and/or T cell reactivity to the organism, demonstrating that Malassezia can act as an exacerbating factor [14] . The number of Malassezia yeast on AD skin is not always elevated; nevertheless, it may induce immunological changes, in which case reduction of yeast cells may result in AD improvement [15, 16] . Significant immunologic cross-reactivity exists among various fungal species [17] . Apart from sensitizations to species-specific antigens, a number of polyvalent sensitizations have been found that probably are caused by cross-reactivity between homologous proteins and the polysaccharides common among different fungal species. Cross-reactivity between Malassezia and Candida albicans, molds, and even non-fungal species has been shown [18] [19] [20] [21] . These data can explain why fungi-allergic patients show reactivity to several fungal species [22] . Furthermore, there is evidence that the IgE against M. sympodialis protein manganese superoxide dismutase can cross-react with a corresponding human protein, leading to autoreactivity in patients with AD [23] . The majority of studies involving yeasts and AD patients focus mainly on the members of the genus Malassezia [24] [25] [26] [27] . Samples for investigations are usually taken from scalp, neck, and back (lipid-rich body areas, which mainly colonize Malassezia) [28] . The present study aimed to isolate, cultivate, and identify all yeast from AD skin to compare the differences in cutaneous yeast flora in AD patients according to age and body part.
MATERIALS AND METHODS

Subjects
In total, 241 samples were obtained in the center of diagnosis and treatment of allergic diseases in Vilnius, Lithuania (UAB, Alerginių susirgimų diagnostikos ir gydymo centras) from patients with clinical diagnosis of atopic dermatitis exacerbation, based on the criteria of Hanifin and Rajka [29] . Clinical severity of AD was evaluated as mild-to-moderate and was reflected by SCORAD as an index ranging from 20 to 40. The index of severity did not differ between the study groups. Patients with severe (>50 SCORAD index) and expanded AD all over the body were excluded from the study. Samples were divided in groups by patients' age. The "child" group included 132 samples obtained from 2-to 15- 
years).
40 samples were taken from clinically healthy individuals (without any dermatoses) and used as controls. Control samples were also divided into groups by patient age. The "child" control group included 20 samples obtained from 2-to 15-year-old patients (14 males and 6 females; mean age, 7.2±4.5 years); the "adult" control group, 20 samples obtained from 16-to 65-year-old patients (8 males and 12 females; mean age, 44.6±9.7 years). Patients had not taken antifungal agents or topical corticosteroids for at least four weeks. Samples were collected from January 2008 to May 2010. The study was approved by the Lithuanian Bioethics Committee. Written consent was obtained from each patient.
Collection and cultivation of the samples
The samples were collected from a 5-cm 2 area of affected body parts (scalp, face, and trunk; also legs and hands) by swabbing, using 1 ml phosphate buffer with 2% Tween 80. Samples were transported to the laboratory within one hour of collection. Specimens were then cultured qualitatively on modified Leeming and Notman agar (10 g glucose, 10 g peptone, 8 g bile salts, 2 g yeast extract, 0.5 g glycerol monostearate, 10 ml glycerol, 5 ml Tween 60, 20 ml olive oil, 15 g agar, 50 mg chloramphenicol and 50 mg cycloheximide per liter), as recommended by the Centraalbureau voor Schimmelcultures (Utrecht, The Netherland), and glucose, peptone, yeast extract (GPY) agar (40 g glucose, 5 g peptone, 5 g yeast extract, 20 g agar and 50 mg chloramphenicol per liter). Incubation was performed at 32 o C for 2 weeks.
Identification of the yeasts
The identification of isolated yeast strains was performed applying assimilation test api ID32C (bioMerieux sa, France) and conventional recommendations [30] . The DBB test positive yeasts were investigated by further presuming that they belonged to genus Malassezia. The physical, chemical, and metabolic characteristics were examined to confirm the Malassezia genus and species. The inability to grow on Sabouraud agar (SGA), the ability to use Tween 20, 40, 60 and 80, catalase reaction [31, 32] , selective growth with cremophor EL, the presence of β-glucosidase as revealed by splitting esculin [33] , the ability to produce pigments on p-medium [34, 35] and temperature requirements were tested. Tween assimilation tests were performed following the Tween dilution test protocol [32] and the Tween diffusion test protocol [31] .
Data analysis
All statistical analyses were undertaken using standard statistical software SPSS 15.0 version and STATISTICA 6. The Student's t-test and paired t-test were used for statistical analysis. A P-value <0.05 was considered significant.
Results
In In the child group, Malassezia species were in the minority (2 samples) and Candida species were in the majority (28 samples). Differences in the distribution of yeasts on the AD-affected skin were observed between 
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Yeast microflora in atopic dermatitis subgroups I (samples obtained from hands/legs) and subgroups II (samples obtained from face/neck/trunk). The highest prevalence of yeasts was found on the legs and hands (67.6% of the positive samples), with Candida sp predominant. Candida species were also dominant in the adult group, being found in 38 samples. Malassezia yeasts were found in 14 and R. rubra in 3 samples, respectively. In the adult group, distribution of yeasts was almost equal: legs and hands region prevalence reached 50%, and the face, neck, trunk area was colonized by yeasts in 51% of the cases. In other words, yeasts were isolated from the AD-affected skin in one-half of samples in adult patients. Relevant differences were observed with regard to isolated yeast genera: Candida species were predominant on hands and legs (65.8%) and Malassezia species were mostly found on the face and trunk (85.7%).
No yeast was observed growing in control groups of healthy individuals.
Discussion
Colonization with Malassezia is the most common yeast infection in AD. Malassezia has been isolated in 46%-100% of patients with atopic dermatitis and in 75%-80% of healthy adults worldwide; M. sympodialis, M. globosa, M. furfur and M. restricta were the most commonly isolated Malassezia species [10, 12, 13, 36] . There are some reports that C. albicans has been cultured more frequently from the gastrointestinal tract in patients with AD than in that of healthy controls [37] . Increased gastrointestinal permeability in AD patients leads to enhanced transport of antigens across the gastrointestinal mucosal barrier and can favor food allergy in susceptible patients [38] . The results of another investigation using a mouse model suggested that gastrointestinal Candida colonization promotes sensitization against food antigens due to mast cell-mediated hyper-permeability in gastrointestinal mucosa [39] .
In the present study, we have shown that both particular yeast species and their carriage rate are associated with the age of patients and with the part of the body on which they are found. There can also be a relationship between the AD-affected body part and the prevalent yeast genera: if Malassezia mostly colonize lipid-rich areas; Candida usually appear on hands and legs. The data obtained in the present study are similar to those from previous studies [10, 14, 40] . In the child group, the yeast colonization rate was significantly lower than in the adult group. This observation supports the suggestion that the bacterial infection (Staphylococcus aureus) dominates among children with AD. It also supports the notion that the (rather rare) cases of colonization with yeasts in children may be associated with a frequent use of antibiotics, because Candida numbers increase significantly following antibacterial therapy [41, 42] . Malassezia colonization rates in the child group were very low (1.5%); these data are consistent with the results of the study of Cunningham et al [43] , which indicated that carriage of Malassezia increases around puberty, and is correlated with the increase in sebaceous gland activity seen at this time.
In the adult group, the rate of yeast colonization was high (50.5%). In this group, the predominant species were C. famata and C. pelliculosa, and affected mainly the hands and legs. These two yeast species, together with R. rubra, could be assumed to be transient microorganisms; however, the rather high incidence rate does not foreclose the possible importance in AD clinical evaluation of these microorganisms. Interestingly, the mycological colonization rate in adult patients with AD is similar in all studies, independently of isolated fungal species and geographical distribution, with an approximate frequency of 50% [13, 36] .
No yeast growth was found in the control group. With regard to non-Malassezia fungi, this finding is not surprising, given that healthy skin forms a physical barrier with many defensive strategies, and that transient or commensal yeasts from the environment are incapable of surviving on an intact skin for long periods of time. Malassezia yeasts are members of the normal human cutaneous flora and are found on the skin of healthy adults [9, 40] . In the present study, we observed no Malassezia growth in the control group and, in general, colonization with these yeasts was very low as compared with other studies. These differences are probably related to the geographical location, as has been suggested by several authors [37, 44] . It is interesting to note that Malassezia and Candida were not found together in any of the study samples. Malassezia and Candida share the same ecological niche; therefore, it could be expected that in some specimens a culture of both genera is possible. One of the possible explanations of this phenomenon may be related to different growth rates: fastidious, slow-growing Malassezia can be overgrown by Candida, which has no special requirements for growth media. Additionally, the ability to secret a substance lethal to other species (the so-called killer phenomenon) has been reported to be widespread in yeasts [45] . In the present study, some Candida species demonstrated killer activity against M. furfur (data not shown), which can also explain the predominance of Candida over Malassezia.
Fungal allergy is not as well researched as are other allergies, but the number of the identified fungal allergens is increasing. Many AD persons show sensitivity to fungal allergens; such individuals commonly react to many fungal species, and sensitization to a single species only is quite rare. It has been demonstrated that repeated cutaneous application of a hapten can induce a shift from Th1 (lymphocyte-dependent delayed-type hypersensitivity) to Th2 (immediate hypersensitivity with IgE production) [46] . These findings indicate that individuals with an AD history tend to show enhanced immediate hypersensitivity to cutaneous microflora, which seems to be related to antigenic variability and cross-reactivity between species. Over the last decade, a number of fungal allergens have been identified, purified, and characterized. The molecular cloning of fungal genes encoding relevant allergens has made detailed studies on cross-reactivity possible. Both unique and shared allergens were reported in phylogenetically related or unrelated fungal species. For example, the major allergen of Aspergillus fumigatus (Asp f 3) has significant similarities to 2 peroxisomal membrane proteins of C. boidinii [47] . Another example is the cross-reaction of Curvularia lunata major allergen Cur 13 with several fungi and grasses [48] . To summarize, a large number of recombinant mold allergens have similarities to one or several other fungal enzymes [49] [50] [51] . Fungal allergens have been recently characterized by specifying whether or not the respective cross-reactive allergen may be found within one fungal phylum, all fungal phyla, or even non-fungal species [52] . Over 100 species belong to the Candida genus, but in the AD case the greatest attention is paid to C. albicans. Six C. albicans allergens and one C. boidinii allergen have been described to date. It has been shown that some of these allergenic proteins cross-react with IgEbinding proteins from other yeast species or even genera [52] . There are reports about cross-reactivity of C. albicans with other pathogenic Candida species and the airborne yeast species Cryptococcus and Rhodotorula [53] . Atopic patients primarily sensitized by C. albicans may develop allergic symptoms by exposure to other environmental yeasts as a result of cross-reacting IgE antibodies [54] . In consideration of these data, we hypothesize that cutaneous colonization by Candida species (especially C. famata and C. pelliculosa) may be involved in aggravation of AD due to cross-reactivity with C. albicans.
In this study, we have demonstrated that the cutaneous yeast microflora of AD skin differs and is dependent on the age and affected body parts of AD patients. Moreover, differences between yeast species and their distribution on the body parts have also been found. More studies are needed to confirm our assumption that some Candida species, and not only C. albicans, can act as exacerbating factors in AD.
